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Theneurulationprocess is characterizedbyclosure of theneural tube
resulting from the formation of median hinge point (MHP) and the
dorsolateral hinge points (DLHPs) in the neuroepithelium. These
structures are features of three progressive closure modes — Mode 1
through Mode 3, occurring at embryonic days (E) 8.5, E9.0 and E9.5 in
the early stages of mouse embryonic development. Previous studies
have shown that glycosaminoglycans (GAGs) have roles in neural fold
elevation, fusion and the closure of the neural tube. As such, we
postulate the type and thus character of GAGs will vary from mode to
mode. To investigate which GAG genes are involved in neural tube
closure, we micro-dissected the closing posterior neuropore regions
in mouse embryos at the three modes mentioned. We then carried
out high density oligonucleotide microarray analyses to identify the
myriad of GAG-related genes involved in the formation of the different
structures (MHP and DLHPs) in these modes. Using several software
analysis programs to analyze the microarray data, Sulf1 and Gpc1 were
two suchgenes identifiedwith their expressions increasing fromMode1
throughMode3. Immunohistochemistry studies to study the expression
of these two genes in mouse embryonic posterior neuropore tissue
regions from the threemodes corroboratedwith ourmicroarraydata, i.e.
the increase in expressions of both proteins increased from Mode 1
through Mode 3. Further in vitro functional studies on these two genes
using a suitable neuroepithelium cell line derived from the neural tube
are in progress.
doi:10.1016/j.ydbio.2011.05.173
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MARCKS, a major plasma membrane PKC substrate, is an actin
modulating protein whose depletion in mice mainly affects neural
development, including the appearance of cephalic neural tube
defects (NTD). We have shown that MARCKS is transiently accumu-
lated at the apical border of chick neural plate cells during
neurulation. In order to understand the mechanistic roles of MARCKS
and its translocation in this developmental process, we have
pharmacologically modified the activity of key protein kinases on
cultured chick embryos. Inhibiting GSK-3b with the teratogen LiCl
only causes NTD at high doses, and these defects are associated to
extensive cell death but not to MARCKS relocalization. As MARCKS
association to the cell membrane is strongly inhibited by PKC
phosphorylation, we then treated the embryos with PMA, a PKC
agonist. In this case, NTD were extensive, and MARCKS was mostly
detached from the membrane to granules in the cytoplasm. In the
neural plate, cell polarity appeared affected, with extensive apical
membrane blebbing and a displacement of apical markers to a central
area of the neuroepithelium. The very ordered apical actin rings
observed in control epithelium were completely distorted, with the
formation of thick F-actin bundles irregularly accumulated through-
out the neural plate. Interestingly, a fraction of PKC-phosphorylated
MARCKS also appeared accumulated around, although not completely
co-localizing with, these actin bundles. Our results show that PKC
activity must be tightly regulated during neurulation and that even if
the localization of most cellular MARCKS is sensitive to its deregula-
tion, the presence of bundled actin filaments may interfere with its
translocation to the cytoplasm.
doi:10.1016/j.ydbio.2011.05.174
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The chick embryonic brain undergoes rapid expansion dependent
upon intra-luminal pressure (ILP) after the occlusion of the spinal
neurocoel. Initially, the brain consists of more cavity than tissue and
expands via pressure created by the accumulation of cerebrospinal
fluid (CSF). Fluid accumulates by the continual transport of fluid
across the neuroepithelium via an osmotic gradient while the brain
cavity is a closed system. It is likely that both ILP and chemical factors
within the CSF promote neuronal proliferation and differentiation by
their cooperative interactions. It has been demonstrated that basic
fibroblast growth factor (FGF2) and ILP are key regulators of neuronal
proliferation and differentiation. During the early stages of develop-
ment within the embryonic chick, the neuroepithelium is a source of
FGF2 as is embryonic serum containing FGF2 from the notochord. It
has been shown that a 50% decrease in cell number also occurs with a
decrease in ILP while a continuous hyper-pressure state of ILP within
chick embryos demonstrates that ILP does in fact lead to a higher
number of mitotic cells with both the mitotic index and density of the
mesencephalon being 2.5 times greater (or more) than the controls.
The purpose of this research was to demonstrate if FGF2 and ILP
control cell proliferation coordinately or independently. FGF2 in the
CSF and its receptor on the neuroepithelium were blocked with anti-
FGF2 and BEK respectively. Injections were made directly into the
mesencephalon cavity of HH stage 18 embryos, allowed to develop
for 4 h, fixed and sectioned for volume measurements.
doi:10.1016/j.ydbio.2011.05.175
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Focal adhesion kinase (FAK) is a membrane associated protein
kinase forming part of the focal complex (FC) in cells associated with
integrins; it can autoaphosphorylate in the presence of integrin
signaling. Force, the result of cytoskeletal tension or fluid shear stress
is required for maintenance and development of FC's. The neuroe-
pithelium of the embyonic brain is subjected to fluid stress since it is
a hollow fluid filled structure under tension created by intraluminal
pressure generated by accumulation of cerebrospinal fluid (CSF).
Changes in intraluminal pressure of the brain result in corresponding
changes in cell number. Do FAKS known to respond to tension in
other epithelial cells act as mechano-tranducers? Our hypothesis is
that stress generated by the CSF upon the neuroepithelium is
detected by FAK on its luminal surface which it transmits to the
nucleus via the Src-dependent ERK1/2 cascade. We immunologically
localized pFAK upon the neuroepithelium and examined its location
using confocal microscopy at three stages of embryonic brain
growth. Preliminary observations show that both pFAK and total
FAK are on the basal and luminal surfaces starting at HH stage 10.
The distribution is uniform along the luminal surface and there is
always more pFAK on the basal surface associated with the extra-
cellular matrix. FAK is present on the neuroepithelium of all three
brain vesicles. Staining was less in the hindbrain than in the two
anterior vesicles. FAK is often more pronounced in flexures along
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